w% NOAA Technical Memorandum
): NMFS—SEFC-104 -

s N

“BTMENT OF O

Three Reports Concerning the
Tortugas Sanctuary Studies,

1981-1982

Report I. The Tortugas Sanctuary Study, May 1981-
February 1982; Edward F. Klima and

Thomas Costello.

Report Il. A Preliminary Analysis of Pink Shrimp
(Penaeus dvorarum) Size and Abundance
During the Tortugas Shrimp Sanctuary
Study, September 1981-February 1982;

Terrell W. Roberts.

Report Ill. A Synopsis of the Tortugas Pink Shrimp
Fishery, 1960-19681, and the Impact of
the Tortugas Sanctuvary; Edward F. Klima,
‘Geoffrey A. Matthews, Frank J. Patella.

~U. S. DEPARTMENT OF COMMERCE

Jﬁ‘ff-'}y}‘g 55; 4 .'; . -
A N‘* ‘Malcolm Baldrige, Secretary
T T “  tdfr U ) . :
; N “.1'Lr—@"‘l . " . « a
f S National Oceanic and Atmospheric Administration
IS A o | Dr. John V. Byrne, Administrator
"‘ -..': ‘{::..-1"; * ; ' ' - - B -
- National Marine Fisheries Service
William 6. Gordon, Assistant Administrator for Fisheries
i) T
o E.iB’E‘" '

DECEMBER 1982

Technical Memarandums are used for documentation and timely communication of
preliminary results, interim reports, or special-purpose information, and have not
received complete formal review, editorial control, or detailed editing.




REPORT II

A PRELIMINARY ANALYSIS OF PINK SHRIMP (PFENAEUS DUORARUM)
SI7E AND ARUNDANCE DURING THE TORTUGAS SHRIMP SANCTUARY STUDY,
SEPTEMRFR 1981 - FERRUARY 1982

BY

TERRELL W. ROBERTS



TARLE OF CONTENTS

| Page
ACKNOWLEDGFMENTS « s soeevssoecsassscsssssnsssscnnsssesnsssss 111
ABGTRACT...............................;;.................; v
INTRODUCTION...............................................
METHODS AND MATFRIALS......................................
RESULTS AND DISCUSSION....eceseecasesscsosossnssaconcsnaccs

Length/FrequencY.....,....................,..............

o < 3w -

Two-way Analysis of VarianCe.ceeeecscssscvescsccscannss
One-way AhﬂlYSiS Of Variance--..---i----.-----....---}- | 12
Cruise 1 (September 17-23, 1981)..ccccucvcocnscsesees 15

CIUiSE II.(OCtOber 21-28r 1981)lllllllllilll.lll.'ll. 15  .

Cruise ITI (November 16-23, 1981)..cceceuassscesences 21
Cruise IV (December 9-16, 1981).c.veencecscncsssscass 21
Cruise V (January 19-26, 1982) ceosesscscsssssccscosas 25
Cruise VI_(Februarv'19—24,.1982).......;;............ 25
DiScussion........;........,..;;.;.....;............;., 31
‘Catch Per Unit EffOrteececcsesssssesssesscsscssosssnsscssss 36
Cruise I (September 17-23, 1981).cccccccsssscncncccscss 38
Cruise II (October 21-28, 1981).,.............;........ - 44
Cruise IIT (Nﬂvembet 16=-23, 1981 ). ccennccssccsosscsscnce 44
'Cruise 1V (December 9-16, 198l)iccecesevccsccscascoccans - 49
Cruise V (January 19-26, 1982)..cceccccccccscccscascons - 49
Cruise VI (February 18424, 1982)..;...........;........ 49
Discussion....;.........;..........;..;.;.............. 56
Commercial Tows..........................;;............ 59
Hvdrography.............................................. . 66
Ovarian Development..................,................... 69
'SUMMARY....;..;.................;............;....1.-;...... 74
LITERATURE CITED..seeosesocencsseccassssssssssasassancsnsas 78
'APPENDIX.......................................;........... 80

FI-G-URESI'I.II'I"l'll'l'I'I.'._.--'I.-IllII’IIllllIl‘.il.l..lll"lll.-- 87

TABLES--l-li-ll----------iliiiil!l-l----illliiill--lllfiiil qo

ii



ACKNOWLEDGEMENTS

Many people were involved in the collectionland analysis of
data taken in the Tortugas study. I am especiallv appreéiative of
"the cooperation and effort of the Captain and crew of the MV MISS
VIRGINIA who helped alleviate the drudgerv and tedium of the long
night hours and helped make the'trips in the field enjoyable. My
special thanks to Dr. Geoffrey Matthews who helped immensely with
the statistics involved and prepared several computer programs to
analyze the data. I also thank Mr. Frank Patella and Dennis Koi
who patiently helped me with the computer and_furnished the data
when T needed 1it. . '

Drs. Edward Klima, Sammy Ray, and Al Jones were kind enouah to
review earlier drafts of the manuscript and offer many valuable
' suagestions for improving the text. Mr, Tom Costello also offered
suqgestions for the manuscript and was especially helpful in
explaining the history of thé fishery and the philosophy of the
management methods for the Tortuaas Fishery utilized in the past.
| Mr. Neal Baxter was verv helpful throughout this study by
resolving any operational problems that came up while'collecting_'
the data and also by offering suaqgestions in the interpretation of
some of the analvses. | ' | .

Thanks are also due to Mrs. Rea Richardson for her patience in
typing the'manv drafts of-this report and to Mr., Danny Patlan for
his preparation of the text_fiqures in such a short'time;

iii



around Stations Fl0, Fl3, FI4, and F17. The mean size of the
shrimp caught commercially usually was equivalent to the mean size
of shrimp found at the closest station, hut the CPUE for each com-
mercial tow geherally was less than the CPUE at the nearéSt'
sampling site., Recause larger shrimp bring higher prices, the Cap-
tain tried to select those locations that had a higher abundance of
laraé shrimp. 7o this end, he was successful for 54 of the 70 cem-
mercial tows (77% of the time) made during the six cruises. '

Salinity and temperature were measured at each station at the
surface and near bottom. There was very little variation in either
parameter. Except on a fewﬁoccaSsions,'salinitv was mostly 34 o/oo0
- 36 o/00 during all six months. Anomalously low salinity and tem-
perature readinas were recorded at Station ¥23 in November and pro-
bably should be considered as recording errors. Temperature was
also stable from surface to bottom, varying only 1.79C durina any
- one crulise, except September when the variability was °C,
Temperature was highest in September (280C average) and lowest in
January (20.50C averade). | ' -

Ovarian development-during the six month study period followed
the trends reported in previous studies. Development indicating
reproductive activity was'highest during the warmest months
(September and October) and lowest during December. January was
slightly colder than'DecembEr, but it also represents the start of
the sping peak in spawning activity. Therefore, there was a higher
provortion of advanced ovarian development during Jaﬁuary'when com-

pared to December, and it increased again in February.



ARSTRACT

Twenty-three stations located inside and outside the Mortuaas
Shrimp Sanctuary were sampled once a month (September_IQRl to
February 1982), primarily for abundance and lenath/frequency data
‘on the pink shrimp, Penaeus duorarum, The collection of data on
“shrimp ovarian development and temperature and salinity data were
secondary obdjectives. Four nets were towed simultaneously for 30
mlnutes at each station. A complex and variable distribution of
shrimp abundance and size was found in the study area.

Shrimp size tended to increase in an east to west direction
during September and October. During November, this pattern
changed with the largest shrimp at the middle stations and smaller
shrimp at the eastern and western ends. December waé an anomalous
month compared to the other months since there were very few small
shrimp (€103 mm total lenath) in the population. The mean size of
the shrlmp at all stat1ons in December was 2106 mm. January and
February show a reversal of the earlier trend with small shrimp
mostly at the western stations and larger shrimp at the eastern
end. Small shrimp dominated the entire population, éxcépt in
December when thev seemed to almost disappear from the study afea.
| Althouqh most of the populat1on of small shrimp was 1n51de the

sanctuary, they were also found outs1de the 1line and even dominated

the population there in January and February. '

shrimp abundance, defined as catch per unit effort (1bs-heads
on/net/30 min. tow), was highly variable; _The highest CPUES
occurred inside the'sanctuarv and a general inverse relationship |
existed between CPUE and meah length. The hiqhest CPUEs qenerally
occurred at gtatlons F10, F13, Fl4, and Fl17. |

Commercial tows by the MV MISS VIRGINIA wvere perm1tted after
réqular sampling was accomplished. These tows usually clustered
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INTRODUCTION

The Gulf of Mexico Fisherv'Management Council (GMFMC) has the
responsibility for developing a shrimp fishery management plan for
the Gulf of Mexico. This;plan for managing six species of shrimp
was adopted in 1980, and it is reviewed annually td'evaluate mana-
gement measures for fairness and effectiveness in optimizing
fishery vield (Gulf of Mexico Regional Fishery Manaqemeht_Council,

- 1980). One of the management measures adopted by the GMFMC was the
establishmen£ of a cooperative permanent closure with the State of
Florida and the U.S. Department of Commerce in an area near the Dry
Tortugas to protect small pink shrimp (Penaeus duorarum Rurkenroad)
until they attain a size range generally larger than'69 tails per
pound. This closed area shown in Fiqure 1, known as the "Tortugas
Shrimp Sanctuary,” had ¢oardihates'estab1ished in 1974 based on
previous research that showed a direct relationship bhetween size of
shrimp and depth of water (e.q), Ingle et al., 1959; Iversen et
al., 1960). 'However, other investigators have shown that there is
no simple movement of 1arqer shrimp to deepér water outside the
'sanCtuarv nor is there segregation of pink shrimp by size_(Eldred
et al., 1961). Although there is a general net movement to deeper
water, size frequency analysis (Ingle et al., 1959; Iversen et al.,
1960) and tagging studies (Iversen and 1dv1ll, 1QRO-'Iversen and
Jones, 1951) have found a random or back and forth movement_of
Shrimp along a northerlv or north-westerly ax1s. These stud1es
indicated that, elther seasonally or all vear, small and larqe rink
shr1mp may occur together inside the sanctuarv.

In order to allow commercial fishermen to harvest the larger
shrimp in the deeper waters within the_sanctuarv; the boundaries
of the Tortugas Shrimp Sanctuary were redefined in 1981 (Fiag. 1) so
that, in general, all water inside_the closed area was less than
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10-11 fathoms deep. However, the Council recoanized the need for
current data on which to delineate the sanctuarv boundaries. Thus
a sampling program was recommended to more precisely define the
actual range of small shrimp in the Tortugas area. | .

To this end, a sampling program was initiated in Septembér 1981-1
by the Galveston Laboratorv of the National Marine Fisheries
Service (NMFS) and funded ‘by GMFMC to provide data on shrimp size
inside the sanctuary boundarv. The program was originally set for
monthly sampllng over a six month period (Geptember 1981 - Februarv
1982), but was extended for six months in March 1982 to provide a
full year's data. The objectives of the study were to:

(1) Collect 1enqth/frequencv data on pink shrimp within and

outside the Tortugas Shrimp qanctuary,

(2) collect ovarian development data on female pink shrlmp

within the study areas |

(3) collect data on fish and crustacean by-catcH associated

with the Tortugas pink_shrimp_commﬁnity:.and_

(4) characterize hydrographic parameters of the study area.

This report will be limited to the results of data analysis for
the first six months of sampling and any conclusiona-on pink shrimp
populations in the Tortugas area must necessarily be 1imited in
sCope'until the full vear's data have been collected'and'analvzed._

' METHODS AND MATERIALS

The MV MISS VIRGINIA, a 23.2 m (76 ft) Florida trawler, was
contracted by NMFS tO"conduct all-sampling'activities for the
Tortugas Shrimp Sanctuary study. Twentv-four stations selected
randomly on trawlable bottom and ranginq in depth from 6 to 14
fathoms were located inside and outside the sanctuary boundary
(Fiqg. 2)._'The MV“MISS‘VIRGINIA£_riggad for twin trawling with four

wl
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12.2 m (AN ft) 4-seam flat trawls, tickler chains, and 2. A mx 1.0
m (R ft x 40 in) wooden doors, sampled each station at night once a
month. The path of each 30 minute tow crossed at some point the
station coordinates given in Table 1. Fach station's towinqg path1
and location were recorded on a Loran C plotter, which has an |
accuracy in this region of about + 125 ft, so that each month's

- sampling had a high probablity of covering the same towiﬁg path,

For the sake of convenience in'handlinq large sample volumes
brought in by four nets, it was decided to treat the data from the
inboard nets differently from the outboard nets. All Shrimp were
sorted from the catch of all four nets-separatély, but only the
total shrimp weight was recorded from both outboard nets. Data
recorded -from each inboard net included total catch weight, total
fish weight, total shrimp weight, miscellaneous weight '
(invertebrates), and tOtal number of shrimp (extrapolated from a
three pound count of pink shrimp). In addition, a random sample of
200 pink shrimp was taken from the port_inboard net for sex ratio
determination and weights, total lenath measurements, and ovarian
development determination. A five pound sample of shrimp was
removed from the.starboard'inboard net and frozen for return to the
"Galveston Lahoratory where total lengths and weights were deter-
mined along with a more exacting species composition. Thus, two
replicate measures of shtimp weights and lengths were determined.
for each station. o '

Two hydrographic parameters, salinitv'and temperature, were
recorded at each station at thé surfacé and near the bottom. An
optical refractometer with an a¢curady of + 0.5 o/oo and a mercury
thermometer with'an-accuracv of 1 0.1°C weré uséd to record the
parameters. | o -

Each monthly collecting trip was scheduled for seven nights.
1f any time remained after sampling:eaCh station, the captain was
permitted to trawllwithin the sanctuarv'boqndaries at his discre-



‘Tahle 1. Tortugas Shrimp Sanctuary station locations and depths.

Station ‘Latitude (© '). Longitude (© ') Depth (fm)
Fl 24 59 _ 81 35 ' q
F2 24 59 - 81 37 -
F3 . 24 52 81 46 8
P4 24 47 81 49 9
F5 . 24 51 81 83 9
Fé 24 55 R’1 54 9
7 24 47 : 81 56 o
F8 24 52 - R1 58 10
Fo _' 24 54 _ 8202 12
F10 24 4% 81 59 9
F11 24 A7 . 82 00 R 10
F12 24 40 8200 0
F13 24 a4 82 00 o
Fla 24 A6 | _ R2 02 10
F15 24 AS R2 07 11
F16 24 50 | R2 08 ' I
F17 22 m 8210 :
F18 24 43 8’210 10
Flo 24 45 - 8212 . n
F20 24 43 o821 1)
F21 24 43 | 82 19 o 11
F22 - 24 50 . ’220 14
F23 . 24 43 82 2% 11
F24 24 41 - 82730 12



tion. FEach commercial tow was timed, position coordinates
~recorded, and total shrimp weight estimated from the packaged
catch, 1In addition, a randomly selected sample of 200 pink shrimp
was sexed, measured, and weighed. A five pound box was collected
at random from a maximum of six commercial tows during the cruise.
These samples were frozen and returned to the Galveston Laboraterv
for processing., |

~ All data derived from the Tortugas Shrimp Qanctuarv cellect1ons
were stored on magnetic tape files at the U.,S, Office of Personnel
Manaqement Computer Service Center in Macon, Georqia. A Honeywell
66/80 computer in Macon and NMFS computer programs were used for . _
some analysis of the data. A Tektronix 405)1 mini-computer and 4662
plotter at the Galveston Laboratory were used: for all analysis of
variance, qraph1cal analyses, and plettinq.

RESULT™S AND DISCUSSION

The anal?ses of data on length/frequency distribution of pink
shrimp, catch effert,-ovarian development, and hydroqraphic parame—'
ters for the six month period under consideration will be presented
in this section of the report. The primary focus of this study is
to examine the size distribution of pink shr1mp so that the boun-
daries of the Tortugas Shrimp Ganctuarv can be determined more pre-
cisely to protect immature shrimp without hinder1nq the commercial
harvest of 1arger shrimp., Therefore, the length/frequency dlstri-.
bution of these shrlmp will be considered first.

- LENG'TH, FREQUFNCY

Because these data cen51st of shrimp measurements taken at 24
stations over a six month period, data analysis must first deter-
mine if there are_signifiCant differences in shrimp'lenqths, not



only between stations (spatial distribution), but also between
cruises (temporal distribution) as well as any interaction (spatiai
vs. temporal) between stations and cruises. Since the stations and
cruises represent fixed treatment effects, a Mcdel_I two-way anova
was used to test for ahv'significance between these treatments and
interaction as well (Sokal and Rohlf, 1969).

Two-Way Anlaysis of Variance

Table 2 shows the two-way anova for 23 stations x 6 cruises.
Station F1 has been eliminated from all analvses because it could
not be sampled on three of the six crdises due to the large number
of crab traps spread randomly throughout the area. Samples from o
Stations F21 and F22 of Cruise IV (December 1981) could not be
ohtained due to-the_large_amount bf'ﬁellyfish.thurelia sp})
brought up in the nets, and only one 1ength/fréquencv sample was1
recovered at Statians F? and F20 of Cruise I (September 1981),
These missing values were replaced for computation of the two-way
anova by estimates calculated using Yates' method (Steel and
Torrie, 1960). These estimated values do not add information to
the anova, therefore one deqree of freedom should bé subtracted
from the error d4.f and total d.f. for each estimated value.
However, becausé only six d.f. are involved out of 138 error d.f.
and 275 total d.f. and the computer prbgram available on the
Tektronix mini—computer'doés not allow for internal correction,
this small ad-iustment was not made and, in this case, would not
change the final results of the anlaysis., ' |

Only the mean lengths from the two measured.samples from each
statioh were used in this analysis because of the prohibitivé'cost
of computer time and memory had'the'camplete data matrix of up to
400 or more.shrimp lengths per station been used. Transformation
of the mean values was not necessary since most of the values were

8
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Table 2. Results of a two-way analysis of variance of shrimp mean
lengths at 23 stations on six cruises. Station Fl has
been deleted and missing values calculateﬂ for F3 and F20
of Cruise I and F21 and F22 of Cruise 1V.

Source of Degrees of Sums of Mean ' | Significance
Variation Freedom Squares Square F Level (P= )
Cruises 5 2531.78  506.36 - 67,97 0.000***
Stations 22 2830.75  128.67  17.27 0.000™**
Interaction 110 10637.38  96.70 12,98 0.000***
Error 138  1028.00 7 .45

Total 275  © 17027.91 '




.

based on large numbers (2100) of measurements, which according to
the Central Limit Theorem implies that the mean lengths should
approach a normal distribution (a primarv prerequisite for analysis
of variance). | . '

" The shrimp length/frequencies from the two inboard nets have
‘been pooled for each station except F1 of eéch cruise. Recause
there are 136 such histograms (there are no data for ¥21 and F22 of
C:uise IV), they have not been included in this report, but will be
furnished to interested partiés-upon request.

The two-way anova (Tahle 2) shows that not only are there
significant differences between cruises (P{.00]) and between sta-
tions (P€.001), but also in the intéraction between cruises and
stations (P<€.001). This siqnificant'intéraction means that when
cruises and stations are considered théther, the effect of either
treatment (cruise or station) on size of shrimp cannot be pre-
dicted from the average respbnse of the separate factors.
Therefore, all further analyses will consist of one-way anova of
"the stations of each cruise considered separatelv.-'This_method of
analysis will exclude any added interaction effects and will allow
a more meaningful interpretation of differences between stations of
mean pink shrimp lengths; '

Before leaving the two-way anova, it would be helpful to see
the effects of interaction by examining Figure 3, a two-way plot of
the mean lengths of 23 stations x 6 cruises. Each rectangle repre-
sents the relative size of the shrimp; i.e. the larger the rec-
tangle, the greater the mean length of shrimp for that station and
cruise. Cruisés_I-and IT show a general trend with the largest
shrimp occurring at the western-most stations.and'the smallest near
the eastern end. Cruises III and IV, however,'show no clear seqre-
gation of size by station. Cruise III has very few large shrimp
and they appear to be scattered in the middle and western stations.

10
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Cruise IV shows an almost uniform distribution of large shrimp
throughout the study area. Cruises vV and VI, however, show a
reversal of the size trends of Cruises I and II. Not only are the
shrimp'apnarently smaller, overall, than on previous cruises, but
the larger ones are located mostly at the shallower eastern end of
the study area. ™hese six cruises show a rather complex pattern of
length/frequency distributions that is not easily interpreted.
Because of this, the establishment of a pattern of movement or
migration of pink shrimp cannot be descrihed with any confidence
at this early stage of the analvsis. '

One-Way Analysis of Variance

Table 3 shows the results of a one-way anbva of each of the six
cruises, In every case, there is a significant difference (P<.001)
in the mean lengths of shrimp between the stations. In order to
determine which stations caused the rejection of the null hypothe-
sis of no difference in mean lengths, Student-Neuman-Keuls (S-N-K)
stepwise multiple range test was emploved (Sokal and Rohlf, 1969),
This method arranges the means bv ascending or descendinq order and
then tests the range between largest and smallest means, then
largest and next smallest mean, and continues in a step-wise
fashion until a set of means is found that is not significantly
different., One difficulty with“this'mEthod_is that when a large
set of values are compared, several ranges may occur that will have
several values in common., In such an event, one must. .then deter-
mine which arrangement gives the most meaninﬁful biological
interpretatiOn'of.the results. In the final arrahqement, it is
sometimes necessary to reallocate one or more stations to a non-
overlapping_range which has similar mean values; but different
variances. This is done to reduce the camplexitv of the data to a
more comprehensible level. _Examples of this action follow in the

12



Table 3. Results of a one-way analysis of variance of shrimp mean

Source of

variation

‘Stations
Error
“Total

Source of

:Variation

Stations
- Error
Total

Source of

Variation

Stations
Error
Total

lengths between 23 stations of a cruise.
Stations F3 and F20

been eliminated from all cruises.
have been deleted from Cruise I and F21 and F22 from

CruisE'Iv.

Deqgrees of

Freedom

20
21
41

Degrees of

Freedom

22
23
A5

_Degrees.of

Freedom

22
23
45

2512 .43

Cruise I
Sums of Mean
Squares Square
‘3446.00 172,30
118,00 5 .62
3564 .00
Cruise II _
Sums of  Mean
 Squares Sguare
3787.83 172,17
106.00 4,61
3893.83
Cruise III
Ssums of  Mean
Squares  Square
12410.43 109,57
102.00 4,43

13

30,66

37.136

24,71

Station Fl1 has

Significance
Level (P= )

0.000%**

Significance
Level (P= )

0.000%*%*

Significance
Level (P= )

- 0.000***



Table 2 (Continued)

Source of
Variation

Stations
Error
Total

Source of

Variation

Stations
Error
Total

Source of

Varliation

Stations
Error.
Total

Decatees of

Freedom

20
21
41

Degrees of

Freedom

22
23
45

Deqrees of

Freedom

22
23
A5

1295 .24

14

Cruise 1V
Sums of Mean
sguares square
B5 .80 4,07
374,790
Cruise Vv
Sums of Mean
Squares Square
1760 .43 R0 .02
148,00 f.43
1908.43
Cruise VI
Sums of Mean
Squares 'Sguare
- 1139,74 51.81
155 .50 6.76

Significance

P Level (P= )
9.9 0.000***

Significance

F 'Level (Pi”l_
12.44 0.000***

Significance
F Level (P= )
7.66 0.000%**




cruise ana1VS1s.

Table 4 is provided to allow quick translatlon of total 1ength
‘given in the follow1nq discussions to count size if needed.

Cruise I (Septembher 17- 23. 1GR1Y., ' Table 5 shows the results of the
S-N-K test for 2] stations sampled durinag Cruise I (Station Fl has

been excluded from all analyses as explained earlier and Stations
F? and F20 were excluded because thev have onlv one sample mean
each). Although there are several statlons located in more than
one range, careful examination suggests the existence of four major
groups which aré'shown topographically in Fiqure 4."0n1y.Station
F17 had to be moved from one dverlapping group to-oné'of the four
"maiOr groups. These agroups show a genefal trend of increasing mean
length of pink shrimp from eastern to western stations and agree
fairly well with the two-way plot of mean lengths for Cruise I in
Figqure 3. In this case; the sanctuary'baundaries do protect some
of the small Shrimp, but these same immature shrimp can also he
found outside the line. Only Stations F17 and F18 inside the sanc-
tuary'have shrimp whose mean length exceeds the Florida legal mini-
mum size of 103 mm. '

Cruise IT (October 21-28, 1981). The results of the S-N-K test for
23 stations_sampled in October 1981 are shown in Table ., Seven
ranges or groups were identified in this data set, but they were
reduced again to only four major groups.' Stations F18 and'Fz?'were'
reallocated from separate groups and placed in Group D (see Tabhle 6-'
and Figq. 51.' Stations ¥3, PS5, F10, Fl12, Fl13, Fl16, and F22 occurred
in both Groups R and C. Inspection of the Station_mean lengths |
revealed thev had'a areater similaritv to the]bther'mean lengths in
'Group R and were therefore removed from Group C. The results of

- this analysis are portraved topoqraphicallv in Figure 5. The same
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Table 4, Conversion values for translating total shrimp length
(mm) into shrimp counts (heads-on/lb and heads-off/lb)
for pink shrimp. The values given are for combined

counts (average of ma1e~fema1e counts).

Total -~ Numher Per Pound - Total

Numbher Per Pound

Length (mm) Heads-on Heads-off Lengths (mm) Heads-on Heads-off

16

90 - 70 .0 112.0 112 36.5 58, &
91 - 68.3  10R.1 113 35 .5 57.1
92 . 66.0  105.5 112 34.6 55 .4
93 64 .4 100.9 115 33.7 54,1
94 61 .8 07.6 116 32,8 52 .5
95 60.1 - a5,5 117 32,0 51.4
96 58 , 2 1 92.6 118 31,1 29,9
97 56 .4 ' 89.0 119 30.4 48 .8
a8 54,7 87 .3 120 29 ,% 47 .6
99 52.8 f4 .1 121 28 .8 46 .3
100 51.3 81.8 122 - 28.2 45 .4
101 49,9 79.6 123 27.5 a4 1
102 A8 ,5 77 .6 124 26 .8 43.3
103 47.0 75.0 125 26 .2 42 .1
104 45 .7 72.7 126 25,5 a1.,1
105 14,3 70.4 127 24 .9 40.0
106 43,3 68 .8 128 24,4 39,4
107 41..9  66.8 129 23.8 38,4
108 40.7 64.9 130 23,2 37.4
109 39,7 3.5 131 22,7 36.5
110 38,5 1.8 132 22.2 35,7
113 37.6 60,2 133 21,7 34,9

. —————————————r el ey el ey ey ey e e s e e = —



Results of a Student-NeumanuKeuls-ranqe test on shrimp

Table 5,
mean lengths at 21 stations of Cruise I. Stations F1,
F?, and F20 have been deleted. Letters below nonsigni-
ficant ranges used refer to station groups shown on
topographic maps. |
Nonsignificant Station Station Mean Nonsignificant
Station Groups Number Lengths (mm) Ranges Used
o 2 90.0 '
10 92,0 A
14 95 .5
7 97 .5
8 | 97.5
| 6 90.0
5 99,5
| 12 100.0 B
A 100.5
11 | 102.0
15 103.0
16 103.0
12 106 .0
l 10 108.0 -
- 18 108.5%
I o 110.5
| 17 114.0
21 118.0
24 119.0 D
22 119.5
122.0

17
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Table 6, Results of a Student-Neuman—Kéuls range tegt on shrimp
mean lengths at 23 Statiens of Cruise II. Station F1 has
'been deleted. Letters below honsiénificant ranges used
refer to statidﬁngrQUps shown on topographic maps. -

Nonsignificant Station

Station Groups "~ Number_

2

8
4

‘Station Mean

Lengths (mm)

9]1.5

- 92.5

99.0
99.0

- 99,5
100.0 .

100.0
- 102.0

102.5
102.5
102.5
102.5

103.0

104.0
107.5

- 107.5
1109.0
- 114.%
 118.0
119.0
119.5
123.0

124 .5

Nonsignificant
Ranges Used

A
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Figure 5. Sample stations grouped by the Student—Neuman-Keuls test
| ’ according to the mean lengths of pink shrimp occurring
at each site of Cruise II (October 1981) Station Fl has
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ageneral trends that occurred during September can be found in the
October data. There is a general increase in mean length toward

the western stations. However, since both sizeé-can-be_found on

either side of the line, the sanctuary boundary does not reflect

the overall distribution of small or large pink shrimp.

Cruise 11X (November 16-23, 1981). The size,distributionhof shrimp
in November 1981 represents a change from the trend-deVEIGPed_in
the first two crusies., On¢e again there.are,fout major groups of
stations delineated by the S-N-K test (Table 7), but three stations
(FS,_Fll,'F23)“must.be reallocated from separate overlapping groups
and placed in the ma-or groups.' In'addition,-one station (F22) was
_Significantly-different from all thé groups and remains by itself.
The results are shown topographically in Figure f., Size distribu-
tions are more complicated in Navembér; but with the exception of
Station F23, the smallest shrimp ((103-mm)'are found at the eastern
stations (F2, F3, F4, F6). The largest shrimp are found at
Stations F9, F12, FIG, and F22 in the middle of the east-west line
chSampling sites and outside the sanctuary boundary. Except for
Stations F6 and F23, the santtuarv provides protection for shrimp
under 103 mm total length. However, mid-sized shrimp.(104-110 mm )

are also found inside the sanctuary boundary.

Cruise IV (December 9-16, 1981), With all stations and months con-
sidered during this studv,_the largest shrimp overall were caught
in December 1981, No station had a ﬁéan size less than 106 mm
total.length,gindicating a general decrease in numbers of under-
sized'shrimp in the study area. mable 8 shows that-dnlv;t#o major
groups are needed to cluster the statibnsiin the S-N-K test, and
that Station Fl16 is.significantly'different and does not cluster |
with the other stations. Stations F21 and F22-could_not be sampled

21



~ Table 7. Results of é Student-Neuman-Keuls range test on shrimp
mean lengths at 23 stations of Cruise ITI. Station Fl
has been deleted."LEttérs helow nbnsignificaht ranges
used refer to station qroups shown on topoqraphic maps.

Station Groups ‘Number Leﬁchs (mm) | ”Ranqes Used
' o 213 97,5 - - o
2 : .00.0
4 - 100.% A
3 - 101.5 .
6 -~ 102.0
1o ” 103.5
13 - 103.5
21 ©103.5
_ §.u“-p.g_ 105-0 _
20 105.0 5
15 106.0
17 - 106.0
24 106,0
14 107.0
1 108.5
18 109.0 B
19 ' - 109.5 ]
7 -~ 110.0
C12 . 115.5 _
1  1us,s  |D
o e 120.5 ]
| { .22 - 131.0 '“7' R o
S -  _ - _
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Table &, Results of a Student-Neuman-Keuls range test on shrimp
mean lengths at 21 stations of Cruise IV, Stations F1,
F21, and F22 have been deleted. Letters helow non-
significant ranges used refer to station groups shown on
topographic maps. .

NonsiQnificant' | ~ Station Station Mean  Nonsiqhificant
~Station Groups ~ Number Lengths”(mm) Rahqes Used
| | 4 106.0 - .
2 106 .5
20 106 .5 -
10 107.5 A
q -~ 108.0
15 ©108.0
14 109.0
7 "111.0
5 111.5
23 111.5
) U 112.0
19 - 112.0
6 ' 112.%_ B-:
3 113.0
7 113.0
12 113.5
18 114,85
o 115.5
24 116..
13 118.0 ,
| - 16 124 .5 _ |c

. = S S A
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at this time. The topographic distribution shown in Fiqure 7 is
'complicated, but in general, the smallest shrimp, althouqh larqger
than the Florida count law, are found inside the sanctuarv. BRased
on December's data, the need for a sanctuary during December does
not appear to be as great as in the three previous months.

C:uiSe V_(January 19-26, 1982). The size trends in January 1982_
are somewhat easier to interpret than in the previous two months.
" Mable 9 shows three major groups in the size data, and Fiqure 8
again reveals a general east-west trend in size. However, this
trend is the revérse of that found in September and October 1981,
The largest mean sizes are found at the eastern stations, both
inside and outside the sanctuarv, and the smallest sizes are
generally at the western end. Most of the stations where small
shrimp were found are outside the limits of the sanctuary; there-
fore, small shrimp are afforded no protection.

Cruise VI (February 18-24, 1982), The size distribution of shrimp
in samples obtained during this cruise is more complex than Cruise
V, but there is some overall similaritv between the two. Table 10
shows three major groups of mean lengths with the smallest shr1mp
occurring once again at the western-most-stations_and mostly out-
side the sanctuary (Fig. 9). However; the largest shrimp (108-111
mm ) are now located in a group dflstations in the7middle-of the
study area and only Stations F7 and Fll of this group are inside
the sanctuary. The mid-sized shrimp (102-106 mm) are primarilv |

inside the sanctuary and located at the m1ddle and eastern sta—
tions.

25



25°
00’

24°
30"

82°30'W 82°00" ~__ 81°30°

CRUISE IV IR A

D A (106- 109 MM)

- B (111-118 MM}
————
[m]] = € (125 MM)

GULF OF MEXICO

’ .
N > 4

Marquesas Keys [ -~ ¢ °  Key West

Figure 7. Sample stations grcuped by the Student-Neuman-Keuls test

according to the mean lengths of pink shrimp occurring
‘at each site of Cruise IV (December 198l). Stations F1l,
- F21 and F22 have been deleted.
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Tabhle 9, Results of a Student-Neuman-Keuls ranqé test on shrimp'
mean lengths at 23 stations of Cruise V. Station Fl has
been deleted. Letters below nonsignificant ranges used
refer to station'groups shown on topographic maps.

Nonsignifiéént Station Station Mean - Nonsignificant
Station Groups Numbér' Lengths (mm) Ranges'Used |
' 20 92.5 B '
18 | 93,5
21 - 95 .0
23 - 97,0
5 . 97.5
17 Q7.5 A
8 98.0
12 99,0
15 99,0
22 99,0
13 - 99,5
19 101.5
| - 24 104 .0 - .
ol 11 10a.s B
11 14 - 104.5 '
i1 ' 10 ©108.8
- 7 107.5 . -
. _ o 1%  108.5
. - 2 100.0 -
1] ' 6 110.0 ' .
I ; 1190 D
_ - o 4 113,00 .
. - e 113.0 '
. el e el ettt et et e A et et e e e et et e
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Table 10. Results of a Student-ﬂeumaneKeuls range test on shrimp
mean lengths at 23 stations of CrQiSe VI.  Station Fl has
been deleted. Letters below nonsiqhificant rahdes used
refer td station qroups shown on tqpcqraphic.maps;

- Nonsignificant . Station Statiqn Mean ‘Nonsignificant
- Station Groups | Number Lengthsﬂ(mmi Ranges Used |
' . - 21 91.5 _ :
S 23 - 95 .0
- . 20 96,0 , [ A
. 24 97.5 '
1 | 19 98,5 B
' - 17 - 99,5
| 111 22 - 101.5 -
: | ' 2 -~ 102.0 .
11 L] 10 102.5 '
o ' 13 1102.5
] 158 103,00 |
) - | B
18 103.0 B
, B &  104.0
. - - 104.5
o | N - 105.0
N 14  106.0
o - 9  107.5
o 12 - 107.5
| 5 “_108;0. .. |
' 190 g
g8 1 109.0 S
11 110.0

16 - 110.5
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Discussion |
In a discussion of size distribution of shrimp, the terms
"small"™ and "large" are relative and carry different meanings to
- different readers.' In an effort to define and divide these two
size categories, an arbitrarv size of 103 mm total length
(equivalent to a count of 47 heads-on/lb) was chosen based on the
Florida count law as previously described. Thus, small shrimp
refer to those pink shrimp less than 103 mm total length and large
shrimp are those greater than 103 mm total lenqth |
Although no simple pattern in the mean size distr1but1on af
pink shrlmp has emerged in the first six month's data, the data
indicate that the largest shrimp are found at the western end of
the study area durinq September and October 1981 and the smallest
shrimp are at the eastern end. This pattern shifts in November
1981 with the larqest shrimp now beinq found in the middle of the
study area, but the smallest shrimp are still at the shallower
eastern end. Therefore, for the first three months (September
through November), the sanctuary provides protectlon for most of
the small shrimp at the eastern end, but also includes large shrlmp
inside the exclusion zone in the middle and western regions.
December 1981 data are unique in this study in that small
shrimp, although prssent, appear to represent a smaller fractlon of
the biamaSs of the populatiqn since the mean 1sngthsjof shrimp at
‘all ststioﬁs are 106 mm or greater;' Rased on the mean lengths of
shrimp taken during this month, it appears that the nsed“for.pro—'
tection of small shrimp'is not as,grsat_ss in the3thrse'previous
months. In fact, theisanctuary-line ma? oﬁlv prevent the;harvest
of larger shrimp. - ' s | '
January and Februarv-1982 data'represent another shift in_the
size diStribution'pattsrng--The Januafv-patterﬁfis:more.complex
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than Febhruary's, but in general, the smallest shrimp are now
located in the deeper western stations of the study area, both'
inside and outside the sactuary, and the largest. shrimp are found
near the middle and eastern end. Thus, both small and large shrimp
can be found inside and outside the sanctuary in each month of this.
study. This points out the fact that the line is not alwavs pro-
tecting all of the small shr1mp and during certain months, may only
prevent the commercial harvest of 1arqe shrimp at certain sites
(e.g. December). This distribution pattern makes it difficult to
envision a sanctuary that would protect_the small shrimp, vet allow
the harvest of large shrimp at the same time.

Since it is difficult to describe a detailed distribution pat-
tern for pink shrimp in these data based on station or monthly
differences, Tables 1), 12 and 13 were prepared to simplify the
“analysis by consolidating stations inside or outside the sanctuary.
This approach will present.a broad overview of shrimp distribution
in and around the sanctuary, but it will also mask small scale
spatial differencesr{statiﬁﬁ to station) that also appear in the
data as presented in the above discussion.

Table 11 shows the relative abundance of pink shrimp inside ang
outside the sanctuary based on the total population of shfimp taken
at all stations for each month. The percentages of shrimp €103 mm
or 2103 mm were calculated from the total number caught at each
station (extrapolated from the 3 1b. lcount).f Then, by using the
length/frequencv determ1nat1ons for each stat1on, the number of
shrimp in each size categorv was determined. These numbers were
summed for the stations inside the line and again for the stations
outside the line and then divided by the overall total number of
shrimp in order to derive the_PErcentages.in mabhle 11. Stations Fl
and F2 were deleted: F2 was deleted in order to get an even number
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- Table 11, The monthly relative abundance of pink shrimp found-'

' inside and outside the sanctuary-based'oh_thé'tOtal popu-

:1aton_taken at all sampling StationSICOmbined (except for
Stations F1 and F2). The shrimp aré divided according to
tctal length €103 mm and 31073 mm. | '

Inside Sanctuary | Outside Sanctuar?
$ €103 mm % Y103 mm % <103 mm % 2103 mm

September 48 23 - 11 18

October 32 - 33 12 23
November 36 37 12 B L

December 19 ' 50 _' 7 24
~January | a1 - 25 27 ) 11

February 40 33 1% 12

33



of stations on both sides of the sanctuary and Fl1 was deleted for
reasons previously explained. Data were not taken for Stations F21
and F22 in December and had to be created by using an average value
from all stations outside the sanctuary in December in order to
minimize the bias in these calculations.

- The total number of shrimp €103 mm and 2103 mm for all stations
by month used in Tables 11-13 are presented in the appendix.

When considering the distribution of the total pooulation of
shrimp,'two trends become apparént in Table 11, First, most of the
small shrimp (19%-48%) are found inside the sanctuary (a fact which
1s emphasized in Table 13) when compared to the percentage outside
the line (7%$~23%). Second, most of the 1arge.shrimp (23%-*0%)"
occur inside the sanctuary with December having the hiﬁhest percen-
tage (50%). However, most of the shrimp outside the line are
2103 mm (15%-24%), except for the months of January and February
(11% and 12%, respectively). These last two months are unusual in
that small shrimp (55%-64% €102 mm vs. 36%-45% 2103 mm) dominate
the population as a whole. December data are opposite to January
and February data, however, in that large shrimp (74% 2103 mm vs,
26% €103 mm) are dominant in the population. ™hus, the sanctuary
may not bhe needed in December (at least where the sampling stations
are located). '

‘Another way'of lookinq at these data is tb directly compare and
contrast the populations inside and outside the sanctuary. Thus,
Table 12 compares the percentages of small and'large shrimp caught
at stations inside the sanctuary to those caught outside the sanc-
tuary. These percentages were calculated'as explained for Table
11, except the total populations afe derived from the combined sta-
tions inside the sanctuary or from the combined stations outside
the sanctuary. As a result, for shrimp'cauqht onl? inside the
line, over half (50%-f8%) of these shrimp are €102 mm for all
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- Table 12. The monthly relative abundance of pink shrimp €103 mm and

| ' 2103 mm total length occhrrihq at stations located inside
-the_sanctuarv and at stations outside the sanctuary, as
well as all stations combined. Stations F1 and F2 have
been excluded. . ' '

" Inside - Outside ~ Combined
€103 mm 3103 mm €103 mm 3103 mm €103 mm 3103 mm
September . 68 - 32 37 63 59 4]
October 50 50 34 66 44 56
November 51 49 a5 R 48 - 52
December 28 72 23 77 2 74
January 62 38 68 32 64 3R
- February - 55 45 56 44 55 A5
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months except December (2Rf%). Again, as shown in Table 11, the
stations outside the line are dominated by large shrimp (55%-77%),
except for January and February (32% and 41%, respecti#elv).

In order to emphasize the distribution of small shrimp (i.e.,
whether they are mostly inside or outside the sanctuary), Table 13
was prepared by subdividing the total shrimp population into two
pOpulatibns according to total length €103 mm or ;Jn? mm. The per-
centages of all shrimp €103 mm or‘2103'mm 0c¢Urring inside the
sanctuary for each month are shown in Table 13. This best
illustrates the abundance and distribution of small shrimp, but, at.
the same time, may be misleading. As an example, Table 13 does
show a large majority of the small shrimp population (63%-82%) is
ingide the sanctuary. However, it should be remembered that for
December (72% in Table 13), small shrimp make up only 26% (Table
11) of the total population.

Thus, even though the sanctuary does appear to be protecting the
majority of the small shrimp population (Table 13), this obser-
vation is based on a consolidation of all station data hy month.

As pointed out in the S-N-K analyses of mean lengths at the
samplinq sites, certain stations inside the sanctuary contain pre-
dominantly larger shrimp and their distribution is variable by
month. 'Thérefore, the qenefalized picture given in Tables 11, 12,
and 13 does not show the complex nature of shrimp size distribu-
tion, but on the other_hand, the overall view is more easily
understood. ' .

CATCH PER UNIT EFFORT

The catch per unit effort_(CPUE) data consists of two parts:
total shrimp weight per net at the 23 sampling stations and esti-
mated total shrimp weight from all nets combined during the commer-
cial tows. 1In order to standardize the catch effort, CPUE will be
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Table_13; The monthly relative abundance of pink'shrimp occurring
inside the sanctuary. 'ﬂercentaQes are based on the total
population of shrimp €103 mm and the total population |

2103 mm at all sampling stations, except Stations F1 and

F2.
Inside Sanctuary

% of Total . 3 of Total o

Population €103 mm Population $103mm
September = 82 56
October 73 ' 59
November o 75 7
December - 72 ' - o 67
January ' 1 '63 ; 70
February | 72 . - 73
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defined as the weight of all shrimp (heads~-on) in pounds per 40
foot net per 30 minute tow.

Since four nets were towed simultaneously, a one-way anova
was used to check for any significant difference in the catch
between anv'of the nets. A preliminary check on the data using_'
Taylor's power law equation (Tavlor, 1961) indicated the'nged_for a
square root transformation of the data before testing with analysis
of variance. ™Tahle 14 shows the results of the anova of the trans-
formed data. There was no statistical difference (P = .827) in
shrimp weight between the nets and Rartlett's test indicated that
all variances were homogeneous. Therefore, the mean weight of all
nets was used'for each station in the fbllowinq analvsis,

Table 15 shows the results of a one-way anova of CPUF for all
statlons of each cruise. ™he station CPUEs for each cruise are
significantly different (P€.001), indicatina a patchy distribution
in. shrlmp abundance in the study area. The Student-Neuman-Keuls
_stepw1se test was also applied to the transformed CPUE data of each
cruise in order to identify which stations were 51qn1f1cantly dif-
Eerent._ A complex pattern emerqed as a result of this treatment of
the data. 1In general, however, the highest CPUEs for all six
cruises occurred inside the sanctuary. Data for each cruise are
presented separately,

Cruise I (September 17-22, 1981) _ o |
Table 16 shows the results of the S-N-K test on the September

1981 data. There were seven groups identified by the test, but
only four groups were necessary to cluster the statiohs'(Fig. 10).}
Stations F10, Fl4, F¥2 (55.5, 40.5, and 0.2 1bs, respectively) were
sufficiently different that thay did not cluster with any other
group and remain separate. As stated above, the highest CPUEs (at
Stations F10, Fl4, F4, F13, F17, and F18) occurred inside the sanc-
tuary, hut F21, also in the same group, is located outside the
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Table 14, Results of a One—wav analysis of variance of shrimp
welight betwéen four nets on five cruises. A-Square root
transformation was used on the weights data. Cruise I

- was deleted because only two nets'were sampled at each
station. Station F1 was deleted from all cruises and
Stations F2, F3, F12, F15, F17 of Cruise II; F2, F3 of
Cruise.III;.Fz, F21, F22 of Cruise 1IV; F2, Fllxof Cruise
v; and F2, F9 of Cruise VI were also deleted because
samples were not collected from all four nets.

Source of Deqrees of Sums of  Mean o Significance
Variation Freedom Squares = Square F  Level (P= )
Nets 3 ~1.91  0.64 0.298 0.827

- Error 400 - 854,95 2.14
Total 403  856.86
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- Table 15. Results of one-wav analyses of variance of shrimp

weight between stations for six cruises. A square root

transformation was used on the weights data.

Stations

Fl, P2, F3 have'been eliminated from all cruises and
Stations F21 and F22 from Cruise IV.

Source of

variation

Stations_
Error
Total

Source of

Vvariation

Stations
Error
Total

Source of

- Variation

Stations
"Error
Total

Degrees of
Freedom

20
21
47

Degrees of
Freedom

- 20
59
79

Deqrees of
Freedom

20
67
83

Cruise I
- Sums of Mean
squares square
8l.36 4,07
2.91 0.14
84 .27
Cruise 1T
sums of Mean
- Squares Square
- 121.96 6H.10
7 .48 0.13
129 .44

Cruise'III

" sums of Mean
Squares Square
167.95  8.40

2.62 0.04
170.57

A0

29,39

AR 11

202.29

Significance

Level (P= )

0.000%**

Significance

- Level (P= )

0.000%**

' Significance
Level (P= )

0.000%**



Table 15 {Continued)

Source of

variation

~Stations
Error
Total

Source of

variation

Stations
Error
Total

Source of

Variation

Stations
"Error
- Total

-_Deqrées of
Freedom

18
57
75

Deqrees of

Freedom

20
62
B2

‘Degrees of
" Freedom

20
62
- R2

Cruise IV .
Sums of Mean
Squares Square

98 .22 5.46
A,93 0.09
103.16
Cruise V
Sums of  Mean
Squares Square

'187-31 9-37.
7. 0.12

195 .02

Cruise VI
Sums of Mean
squares square

110.24 - 5.51

5 .44

_ 0.09
llSFGS

a1

63.04

75.31

62,77

" gignificance
‘Level (P=')

0.000%**

Significanée.

Level (P=)

0.000***

significance

Level (P= )

0.000%**



Table 16. Results of a Student-Neuman-Keuls range test on shrimp

wveights at 21 stations of Cruise I. A square root trans-

formation was used on weights data.
F20 have been deleted.

Stations F1, F3, and
Letters below nonsignificant

ranges used refer to station groups shown on topographic

maps.
Nonsianificant ~ Station
Station Groups - Number
_l 2
9
23

22
12
8
5
11
19
16
.
24
15
21
18

13
A
17
14

10

Station Mean

Lengths (¥1bs)
N.38

1,.FRA

1.80

2.34

2.4

2.5

2.72
2.83

3.30

3.67
3.74
3.74

4.06

4 .36

4,42

4,60

A .65

5.43

6 .34
7.4%

Nonsignificant
Ranges Used

|a
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Figure'lﬂ. Sample stations grouped by the Student-Neuman-Keuls test
according to mean shrimp weights occurring at each site
of Cruise I (September 198l1). Stations Fl, F3 and F20
have been deleted. |
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line. The lowest CPUE (0.2 1lbs) is found at Station F2 inside the

sanctuary and Station F9 and F23 (2.8-3.3 lbs) outside the line.
Although the highest CPUF occurred at Stations 10 and Fl4, these
stations had the smallest (90-96 mm) shrimp (see Fig. 4). The
largest shrimp at Stations F17 and F21 (114-122 mm) occurred in the
next highest CPUFR group (Group E in Fig. 10), otherwise; the larger
shrimp did not always occur in large numbers during this cruise.

Cruise IT (October 21-2%8, 196831)
Table 17 shows a complex arrangement of ten station groups for

the October 1981 data, but they can be reduced to six malor groups.
With the exception of Station F16 which is outside the sanctuary,
the results of this cruise were similar to that of Cruise I. 'he
highest CPUE (17-25 lbs) (Fl3, Fl17, Fl0, F18, and F20) occurred
ingide the sanctuary (Fig. 11). However, other than the highest
CPUEs occurring inside the line, thére is no aqeneral recognizable
trend in the data. Only Stations F17 and F18 have both a high CPUE
and a large mean length (115-123 mm). Stations Fl19, F2], and F23

have a mean length of 115-123 mm, but a CPUE of only 10-13 1lbs.

Cruise III (November 16-23, 1981) .
The November data (Table 18) show nine aroups plus three sta-

tions which did not ijoin any other groups. Only four malior groups
and three stations (F4, F9, F10) are shown in Fiqure 12, Stations
FA and F10 are separate and have the highest CPUE (40.9-45.,3 1bhs)},
but fhe.smallest (1L00.5-103.5 mm) shrimp (see Fig. 6). Station F9
was also separated and had the lowest CPUF (l.l-lbs) of_ali sta-
tions, but one of the laraest mean lengths (120.5 mm).. |

In general,this pattern of inverse relatioﬁship betWeeﬁ Shrimp
size and CPUE follows for the other groups 1in Figure 12. Clusters
in this cruise differ from September and October in that the CPUE
groups are generally arranged in bands with decreasing CPUE with
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Table 17, Results of a Gtudent-Neuman-Keuls range test on shrimp
weights at 23 stations of Cruise 1. A square root
transformation was used on weights data. Station F1 has

been deleted. Letters below nonsignificant ranges used
refer to station groups shown on topographic maps. |

Nonsiqnificant' Station Station Mean Nonsignificant
Station Groups | - Number WéigthS'(jlbs) RangeS'Used -
8 0.62 -
2 0,77 A
12 1.00 B
5 ' 1.26
,i & 1.59 1
, 3 1.69 5
24 1.7 ,
a 1.80
22 2,00 '
I 124 2.10
9 2.22 1€
. 15 ' 2,50
11 2.68
7 3,24 .
23 3,32 |n
21 3,5
19 3,60
20 4,10 _
10 - 4,16 . E

18 4,21

1.6 4,36

17 4 RS | F
13 4,94
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Figure 1l1. Sample stations grouped by the Student-Neuman-Keuls test'
according to mean shrimp weights occurring at each site
of Cruise II (October 1981). station F1 has been deleted.
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Table 18. Results of a Student-Neuman-Keuls range test on shrimp
weights at 23 stations of Cruise III. A square root
transformation was used on weights data. Station Fl has
beeﬁ deleted. Lettérs below nonsiqnificant ranges used
refer to station groups shown on topographic maps.

Nonsignificant Station - Station Mean Nonsignificant
Station Groups Number_ Weigths (41bs) Ranges Used
| . ' 9 1.01 |a
22 2.0
| 6 2.13
' - 8 , 2.32 - B
' 20 2.61
l 16 - 2.90
12 ©3.19
23 o 3.21
21 H 3.49 | { C
18 3.51
15 3.65
19 3.73
17 1.14 5
24 4,16
3 4,70
11 ~ a.Rod
5 4,092
13 497 E
14 . 5.02 b
5.07
5.31
4 . 6.39 -
10 6.73



82°30'W % 82°00"_ | 81°30'

" CRUISE 11l

[

=
[T

2sel | A
25°
00’
24°
30"
Fiéure 12.

= A (1.1 LB}
- B (4.5-8.5 LB)
- C (10-14 LB)

=D (172 1B)

- E (24-28 LB)

= F (40.9-45.3 LB)

GULF OF MEXICO

Marquesas Keys -~ ° = Key West

Sample stations grouped by the studerit-Neuman-Keuls test
according to mean shrimp weights occurring at each_site"
of Cruise III (November 1981). Station Fl has been
deleted. :
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increasing distance from the sanctuary. The only exceptions to
this trend are Stations F17, F20, and F24.

Cruise 1V (December 9-16, 1981) _

Nine groups were initially identified for the December 1981
data (Table 19), but only five were used in Fiqure 13. The same
overall trend occurs in these data, i.e. the highest CPUE (27-32

1bs) is found inside the sanctuary and the groups consist, for the
- most part, of stations scattered across the study area. Agaln, the
stations with the h1ghest CPUE (F3, F10, Fl13, F17) also had small
to medium mean lengths (107.5-118 mm; see Fig. 7) in the December
data. However, 1t should be noted that all stations durinag this
cruise had shrimp with mean lengths of 106 mm or greater.

Cruise'V (Januarv 19-26, 1982)

The same general trends in CPUE distribution found in the four
previous months are also found in January 1982, €1x qroups of the
11 identified in Table 20 are shown in Fiqure 14, The highest
CPUEs (40-50 1lbs) occur inside the sanctuary, but these high abun-
dance stations (F7, F1l0, Fll1l, F13, Fl8) also have small (93.5-107.5
mm) shrimp (see Fig. 8). The largest shfimp are found at stations

with a CPUF of 15 lbs or much lower (Groﬁps A, R, and C).

Cruise VI'(Februarz'lﬂ-24, 1982) |

Only six groups are separated in the February 1982 data set
(Table 21), five of which are shown in Figure 15, Stations ¥3, F7,
~and Fll inside the sanctuary have the'highest'CPUE (30-31 1bs), but
F7 also belongs to a group in Figure 9 with a large mean length
(108-111 mm). Otherwise, the samé general pattern of an inverse
relationship between CPUE and mean 1enqth is followed on th1s
cru1se.
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Table 19. Results of a Student-Neuman-Keuls range test on shrimp
‘weights at 21 stations of Cruise IV. A saquare root
transformarion was used on weights data. Stations Fl,
F21, F22 have been deleted. Letters below nonsignificant
ranges used refer to station groups shown on topographic
maps. .

Nonsignificant | Station Station Mean Nonsignificant

Station Groups Number - Wei ths ( l1hs) Ranges Used

' 2 | 1.47 - - '
o 1.84

12 : 2.09 A

24 2.16
19 | 2.28
23 r 2.88
4 3.01
16 3.30

3.51 | e
6 3.58
18 3,98
14 4.01
15 - 4.10
5 4,52
20 4 .52
1] 4,56
8 4,67
13 | 5.20
3 o 5.33
10 | 5 .56
17 S B .AR3
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Figure 13. Sample stations grouped by the StudentheumanéKeuls test
S ~according to mean shrimp weights occurring at each site
of Cruise IV (December 198l1). Stations F1l, F21 and F22

have been deleted.
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Table 20. Results of a Student-Neuman*Keuls;:anqe test on shrimp
weights at 23 stations of Cruise V. A square root trans-
formation was used on weights data. Station F1 has been
deleted. Letters below nonsignificant ranges used refer
to station_grodps shown on topﬁgraphic maps.

- Nonsignificant Station Station Mean .Ncnsiqnificant
Station'GrouEs | Number' "'Weigths tﬂIEE) Ranges Used
- _ ' , 1.77 R o
12 2.10 ' 1A
9 ' 2,14
16 - 2.Fk4 .
3 3,08 - B
3.12
24 ' 3,238 ,
19 3.36 e
8 3.75 - '
4 3.00
, 20 A58
23 . 4.6% 1
- 3! 5.02 0
| ' 15 ' 5.05 o -
22 5,21
1 5 5.40 :
I 14 5,70 E
| 17 5.98 o
11 | 11 6,32
l - 18 6.40 |
- ' 13 ' 6§.55 ' - F
7 8,15 -
10 S 7.05
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Figure 14. Sample stations grouped_by the Student-Neuman-Keuls test

"according to mean shrimp weights occurring at each site

of Cruise V (January 1982).
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Table 2]. Results of a Student-Neuman-Keuls range test on shrimp
weights at 23 stations of Cruise vI. A Square root
transformation was used on weiqhtS'data. Station_Fl has
been deleted. Letters below nonsignificant ranges used
refer to station groups shown on topographic maps.

Nonsignificant =~ Station  Station Mean ‘Nonsignificant
Station Groups Number -WeiqthS'Qﬂlbs) Ranges Used
21 . - 1.8
19 . 1.72
2 1.76
6 1.90
. 12 - 1t.os A _
11 2,10 . -
R 8 2.17 B '
- - ] _ 2,17 ' : -
- 22 2,44 1
' 2a 2,47 ' ' .
- .16 2.53 -
_ - 18 3,03 [
' o 20 3.10 5
_ . 15 ' 3.30 R '
- 1 ' 23 ~ 3.57 _ _
. 5 14 ' 3.80 .
- - 4 | 3.80 e -
. o 1 3.96 .
; 5 4,03 I '
' I 13 4,52 S D
' - B 5.50 o
'. | I 5,54 | E
' R 10 5,56 | - .
_—

5 4
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Figure 15. Sample stations grouped by the Student*Neuman—Keuls test
N | according to mean shrimp weights occurring at each site
of Cruise VI (February 1982). Station Fl has been deleted.
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Discussion

Data for all six months of this study show the same general
trends in CPUE distribution ~- the highest CDUES occut at stations
inside the sanctuary (Table 22) and there is a generalfinvérse
relationship between CpUE and mean lenqth '

Table 22 shows a range of average CPUEs inside the sanctuary
of 11.03 1lbs in October to 30.43 lbs in Januarv. " QOutside the sanc-
tuary the averaqe CPUE varied from f.4 1bs in Octoher to 15, 86 1bs
in January, the low and high months for CPUE on both 51des of the
line. | |

Table 22 shows a more detailed break-down of CPUE at the
sampling sites. In this table, stations were grouped according to
three different ranges of CPUE. These ranges were arbitrarily cho-
sen, but the lower limit of Group B was selected in an effort to
show the minimum CPUE needed by most trawlers to just break even on
expenses. This_value, of course, is quite variable, but it does
provide a base for this discussion. As shown in Table 23, most
stations in the more profitable CPUEFs (Groups B and C) are found
inside the sanctuarv;in all months of the study. But, it should be
remembered thatimost of these high CPUE stations inside the line
are also populated by shrimp whose mean length is €103 mm (see
Table 12 and Fig. 10-14), However; these small shrimp are less
profitabie to thé.shrimpinq industry and, as will be shown in the
next section, commercial trawling would probably concentrate on
those areas with 1ar§ér_shrimp which are also present inside the
sanctuarv. ' ' | ' - ' +

| Thefprnblem-of explaining the high CPUE fnSide.thé'sanctuar?
still remains. One possible explanation for the high CPUE inside
the sanctuarv is that the phenomenon may be related to fishing
pressure. Heavv ‘commercial pressure outside the sanctuary may
reduce the shrimp populatlon there. Th1s fact could also partlally
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-~ Table 22, Mean CPUEs (1bs/net/30 min.

bined by month.

tow) and standard deviations
of pink shrlmp from both inboard nets of all stations
inside and outside the sanctuary and all stations com-
Stations F3 and F20 (inside the line)
in September have data from onlyioné net and Stations F21
and F22 (outside the line) in December:have no data.

September

October
November
December
January'

February

Combined Stations

Inside Sanctuary Outside Sanctuary

CPUE_ _STD CPUE_ _STD CPUE_ _STD
19.96 15.52 9.25 4,95 14.84 12.88
11.03 8.56 6.40 5,65 8.82 7.67
23.92  10.96 10.16  6.26 17.38 11.36
19.25  8.R0 10,92 A,R9 14,68  9.26
30.43  15.51 15.86  9.17 23.46 14,79
17.25  9.75 6.R1  4.52 3 8.90

13,58
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Table 23. Summary of sample CPUE inside and outside the sanctuary
line by month., The number in each weight class is the
number of samplinq’stations in that weight tanqe. The
lower limit of Group R was chosen as an averade lower
limit for the break-even point for most trawlers in their
CPUE. This was arbitrarily calculated as five to six
boxes of shrimp (heads-on) pér 10 hour night.

Catch Per Unit Effort

(lbs (heads-on)/net/30 min. tow)

Inside Sanctuarz - Qutside Sanctuary

A R ’ C A | R o of

__—_———-—_-u—_—-——--—_—-_——_—_—-—-—___.___——_—-———-—-———

(¢8 1bs) (8-20 1bs) (320 1bs) (€8 1bs) (8-20 1bs) (320 1bs)

September 3 4 5 6 5 0
October 6 4 2 7 4 0
November 1 3 R A A 1
December 1 S A A 3 2
January 1 2 9 3 4 4
February 2 6 a 0 2 0
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explain the inverse”relatlenship between CPUE and mean length since
the shrimp fleet'Will_cdncentrate where the larqer and more profi-
table shrimp'afe located. Another possible explanatlon for lower
numbers of large shrimp is that natural morta11t? and em1qrat1on
will reduce the population in the study area over a period of time.
Therefore, as the shrimp qrew, fewer survive or remain in the area
and_their'abundanee decreases (immigration ef:shrimp back into the
area will complicate this pattern, however). Thus, it is difficult
to explain the distribution of shrimp abundance vs. size in the
study area when the cause and effects of natural movement and mor-

tality and fishlnq pressure are so difficult to separate and iden-
tify 1in these data.

Commercial Tows

The general posit1on of the commercial tows for all six cruises
in relation to the ‘sampling stat1ons are shown in Figure 16, The
"coordinates of the tows as well as the mean size of the shrimp;
-~ catch effort, count size, and percentage 2103 mm are included in__
‘Table 24, It is evident from Figure 16 that there are three major
concentrations of trawling activity located inside the sanctuary;
around Station F10 between F7 and F13, between F13 end_Flﬂ,.and_
between F18 and F17. Since these are likely areas where commercial
_-activity would concentrate if the sanctuarv daid not exlst, the
following discussion will focus on these areas. |

The captain did not trawl in the nrimarv areas under-cen- |
sideration during Cruise I, but concentrated his efforts around
Stations F14 and F20. Stat1on F20 was excluded from any analysis
of mean length or CPUE dur1nq September because only one measured
- sample was available. However, commer01al CPUE around F20 varied
from 12'5-21'7 1bs"and ‘mean lenqth was 103- 116 mm. The shrimp 1n
.commercial tews were smaller at Fla (95-98 mm), but the CﬂUE was '
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Figure 16. Locations of primary trawling sites of the commercial tows
| made during all six cruises in relation to the sampling

stations.
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Table 24. Station number and coordinates, CPUE, shrimp mean length, percentage of shrimp 3103 mm total length, and
count size for all commercial tows of all cruilses, |
*pData for Station 107 of Cruise VI taken from only three nets,
- : | Cruise I
Total Shrimp Towling CPrUE | Latitude Longi tude Mean Shrimp Count fize
Station weightailbs) Time (hrs) (lbs/net/30 min) (° ' N) (°'w Length (mm) )103 mm (%) (Heads-on/lb)
101 520 3.0 21.7 24 42 82 15 116 83 E:D
102 200 2.0 12.5 24 42 82 13 107 53 42
k. 250 1.5 20.8 24 41 R2 14 103 a6 47
104 600 3.0 25.0 24 AR 82 02 oR 25 55
105 450 2.0 28,1 24 46 82 02 96 18 X
106 400 2.0 25.0 24 Ag R2 03 95 19 60
107 280 3.0 10.4 24 44 82 07 112 74 37
108 400 3.0 25,0 24 A4 82 07 103 43 a7
' - Cruise IT | |
101 420 2.5 21.0 24 13 22 06 120 IR 30
102 200 1.75 14.3 24 43 B2 06 112 69 7
103 100 1.5 ’.3 24 A3 82 06 115 72 34
104 200 3.0 R.3 28 42 82 09 112 60 37
105 350 3.5 12.5 24 42 82 10 116 69 33
106 310 . 3.7% 10.3 24 43 82 10 117 73 32
107 440 3.0 18.3 24 a3 R2 04 103 Y- A7
108 360 3.75 12,0 24 44 82 09 114 72 33
109 210 3.0 8.8 24 44 82 11 112 66 37
110 390 3.8 13.9 24 24 R2 Q0 111 A1 3R



Table 24 {Continued)
Cruise ITI

motal Shrimp Towing -~ CPUE

9

81

| Latitude Longitude = Mean Shrimp Count Size
Station Weight (lbs) ™Time (hrs) (lbs/net/30 min) (° ' N) (' w Length (mm) 2103 mm (%) (Heads-on/1b)
101 600 3.0 25,0 28 45 Rl 59 101 43 50
102 420 2.5 21,0 24 AT 81 SR 110 67 30
103 600 3.0 25.0 24 AA 81 59 105 49 A4
104 600 3.0 25.0 24 A% R1 56 107 52 A2
105 660 4,0 20.1 24 A4 81 59 103 A1 a7
106 750 3,75 25,0 24 44 82 01 102 41 A9
107 660 3.5 23.6 24 45 a1 56 108 55 41
108 R40 3.25 20 .8 24 45 81 S6 105 AR a4
100 3180 2.0 23.8 24 AS 81 56 102 A4 49
110 560 3.0 23.3 24 26 Rl 57 105 52 14
111 600 2,0 12,8 24 44 Rl 57 108 X a1
Cruise IV | 3
101 300 3.5 10.7 24 54 81 A7 112 75 37
102 360 3.5 12.9 24 "4 81 A6 110 - 72 39
103 480 2.5 S 17.1 24 83 81 47 107 Sh 42
104 600 3.5 21.4 22 53 21 47 109 55 41
105 300 3,5 10.7 24 53 R1 47 104 52 A6
106 570 3,58 20 .4 24 A2 R2 11 114 76 35
107 415 2,0 18.1 24 42 82 11 108 f3 a1
108 540 3.5 19.3 24 A2 a2 11 116 a2 23
109 330 3.0 13.8 24 A7 82 10 110 67 39
110 780 A5 21.7 74 44 81 56 110 AR 39
111 g40 4.0 26,3 24 4R a2 00 108 62 a1
112 540 4,58 15.0 24 A% 58 100 3 40



‘Table 24 (Continued)

&9

114

Cruise v
. Total Shrimp Towing CPUE Latitude Longi tvude Mean Shrimp' Count Size
Station wWeight (1lbs) Time (hrs) (1bs/net/30 min) (¢ 'N) (°'w Length (mm) 2103 mm (%) (Heads-on/1b)
101 680 2.5 34,0 21 45 Al 57 105 6 44
102 260 1.5 21.7 24 44 81 57 107 50 a7
103 540 2.0 13.8 24 A% 81 57 106 55 a3
104 720 3.0 30.0 24 45 81 57 112 a1 17
105 660 3.0 27.8% 24 4% 81 57 104 45 46
106 540 3.0 22,5 24 45 81 58 108 57 21
107 660 3.0 27.5 24 45 Rl S8 111 62 3R
108 600 3.0 25.0 24 A4S 81 58 106 52 43
100 00 3.0 25.0 24 44 82 00 103 47 47
110 480 3.0 20.0 28 424 82 04 110 62 39
111 500 3.0 25,0 24 44 R2 05 112 67 37
112 600 3.5 21,4 24 A4 82.05 106 52 43
113 680 3.5 24,3 24 A4 2 05 107 55 42
480 3.0 20.0 24 44- R2 05 11 70, 34



Tahle 24 (Cbntinued)

¥o

Cruise VI
Total Shrimp Towing CPUF. Lati tude Longli tude Mean chrimp Count Size
Station Weight (lbs) Time (hrs) (1lbs/net/30 min) (° ' N) {(° '*'w) Length (mm) 3103 mm (%) (Heads-on/1b)
101 400 2.0 25,0 24 a5 ] 59 103 47 47
102 300 2.5 15.0 24 as R1 55 100 a1 51
103 120 3.5 15.0 24 A5 81 55 112 58 37
104 500 3.5 17.9 24 45 81 55 104 a8 A€
105 400 3.5 14.73 24 4s 81 55 102 43 49
106 420 3.5 15.0 24 AR R1 55 113 f2 36
*107 200 3.5 9,5 24 AR Rl &5 a7 24 56
108 76 1.5 6.3 24 44 81 58 100 35 51
109 250 2.0 10,4 24 42 82 10 101 41 50
110 150 1.5 12.5 24 43 82 04 105 49 A4
111 300 3.0 12.5 28 44 81 59 99 36 53
112 250 2.0 15.6 24 44 81 SR 95 29 60
113 550 3.5 10,6 24 44 81 56 95 20 £ 0
114 4%0 3.5 16.1 24 A% 21 58 a9 as 5%
115 420 3,5 15.0 24 44 Rl S6 a2 2R 3




higher (25-28.1 1bs) than at F20., The mean size of commercially
cauqht shrimp is equivalent to the study samples'at F14 (96 mm),
but commerc1a1 CPUE (2% -28. 1 1bs) is less than the sample CPUF
(40.5 1lbs). | | | |

The same general trends established during Cruise T hold true
for the other five cruises in the three areas of activity: the
mean length of the commercial catch was equivalent to the mean
length of the samples at the nearest stations, hut commercial
CPUE, for the most part, was less than the sample CPUE, The-rela?
tionship between commercial CPUE and sample CPUE was variable,'but
in general, the commercial catch was less than the sample catch.
‘There is no satisfactory explanation in the data for this phenome-
non, but one possibilitv is the fact that few of the commercial
tows coincided with the actual station 1acation-and sometimes one
or more ﬁights may separate the trawling times between the commer-
cial visits and the sampling visits. Therefore, there could be a
spatial as well as a temporal factor involved in the differences
between the CPUEsS. Another possibility is the fact that cdmmercial-
tows usually had a towing time of 2.5-3, R hours and the entlre tow
may not have been over the most product1ve bottom. | '

Although the mean lenqgths of most of the commerc1a11y cauqht
shrimp for the six crulses were-qreater than 103 mm, shrlmp-under
103 mm were sometimes taken in great abundance-(l@,of??ﬂ commer -
-~ clal tows had'catcheS with meanflengths €103 mm). In the:nast,
these smaller'shrimp onld be discarded hy the-pfaCtice of culling.
However, with the appearance of freezer boats in the shrimp fleetr
these smaller shrimp are no longer discarded since they can be fro-
zen whole on board and then processed at the larqge land-hased pro-
cessing plants using modern_t9chnoloqv which wastes very little of
the shrimp. The MV MISS VIRGINIA is a freezer hoat and, although
Smaller shrimp brinag a lower price, these-shrimp were'retained

rather than being lost through the practice of cu111nq (see
Costello (MS) for a discussion of culling).
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The important thing to note in Table 24 is that when given a
choice of trawling area, the-captain was able to catch shrimp over
the Florida legal limit 77% of the time inside the sanctuary; Of
course this figUre'will be variable with respect to time and pro-'
bably would also change if there were unrestricted commercial acti-
vity in the sanctuary. Rut it is evident in these data that-there
is a concentration of legal-sized shrimp inside portions of the
sanctuary during the study period., Also, it is evident that the
captain concentrated on those areas with larger shrimp_based on his
prior knowledge and on the sample data collected during the cruise.

" HYDROGRAPHY _
The measured hydrographic parameters of surface and bottom tem-
‘perature and salinity are presented in Figure 17 to charécterize
the environment of the study area for the period September 1981 to
Februarv 1982, Except for the months of Octoher and November
(Cruises TI and III), salinity at the surface and near bhottom never
fluctuated bevond 34 o/00-36 o/00, indicating a nearly uniform
salinity regimen 1in the studv area. In Octoher, Station F4 surface
salinity reached 37 o/oo and Ftétions FO and Fl4 bottom salinities
reached 38 o/oo and 37 o/oo, respectively. No cause for this |
‘variation was apparent in the data or in the location of the sta-
tions. NevertheleSs, these slightly higher salinity values are of
little environmental cbnsequence gsince pink shrimp are'normally
exposed to larger fluctuations in the shallow bays, where they
mature before moving to deeper Water; |

' During November 19R1, a bottom Salinity of 38 o/oo was recorded
at Station F8. - Aqain,_ho cause for this higher value could be
determined, and it may have been a recording error. Station F23 on
this cruise 1s especially suspect as.havinq_ihco::ect_réadings. '
Both temperature and salinity readings at the surface and near bot-
tom were anomalously lower than usual ana probhably should be
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disreqarded. A cold front or an upwelling event could explain the
' temperature drop, but no cold front'came through at that time.
Also, to our knowledge there are no past'records of upwelling
events in this localityv. ' | '
' Temperature was also very uniform at all stations during any
" one cruise, with a nearly uniform temperature from surface to hot-
tom at all depths (6-14 fathoms) in the study area. " Only one ano-
malous temperature was recorded and that was at Station F23 of
Cruise III that has been described previously. .

The greatest fluctuations in temperature occurred'durino
September 1981 and that was onlvy 3°C bhetween 1owest and highest
readings of surface and bottom values. Otherwlse, temperature
never fluctuated more than 1.7°C dur1nq a cruise. However, tem-
peratures between cruxses did vary accordlnq to season. The
average water temperature was highest in september (ZROC) and
dropped each month until January (20.5°C). February water tem-
‘peratures had risen to about 230C during.Cruise VI,

It appears from the above data.that_neither temperature nor
salinity:varv enough to'be responsible for any size or density
discontinuities in shrimp diStributions in the study area.

- However, temperature may have a seasonal rather than a direct |
effect on shr1mp movements, in general, as descr1bed by Ingle et
al. (1959) and Fldred et al (1961) |

OVARIAN DEVELOPMENT
Gross maturity stages of female pink shrlmp were checked in the

field during routine lenqth measurements by macroscoolc examlnatlon
of the ovaries. The followino stages of development were used and
represent a modiflcatron of the stages used by Joyce (1965).
Staqe ] - Undeveloped to beqinninq development. Ovaries clear
and small to opaque and sliqhtly enlarqed
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Stage 2 - Developing to developed., Ovaries turning yellowish
and enlafqed to bright vellow and near maximum size.
Stage 3 - Ripe. Ovaries'siiqhtlv greenish to olive areen and
‘at maximum size. - '
Staqe_d - Spent. Ovaries sometimes vellowish and small in
‘size, | _ |
“We found no_positive'evidénce of Staqe-4.individuals in our
samplés, probably due to inexperience in detecting differences bet-
- ween Stage-2 and Staqend; Joyce (1965) also encountered dif-
_ficulties in detetmininq Stage-4 individuals, at least durina the
early part of his sampling. . . |
Figure 18 shows ovarian maturity stages for samples from 23
stations of each cruise. An overall comparison of the cruises.
indicates there is a qfeater proportion of'developinq'and developed
females in September and October. This timing coincides with the
highest water temperatures (289C and 27°9C, respectively). The
greatest numbers of shrimp in advanced stages during these months
also occur at the deeper stations (Fl7, Fl18, F20, F2l, F22, F23,
and F24) near the weStern end of the study area (8-]14 fathoms).
This finding agrees with previous research by Munro et al. (1968)_
who found spawning throughout the veat in the Tortugas_area at tem-
peratures of 199C to 30°C, hut mostly when”temperatures exceeded
250C, They also found that the center of spawnlnq act1v1tv moved
to deeper waters from spring to fall. | |
The lowest occurrences of advanced maturity staqes were in
November (240C) and December (21°C) 1981. This reduced reproduc—
tive adtivitv due to lower water temperature also follows Munro et
al.'s (1QGR) hvpoth931s. Althouqh the month of January had a
slightly lower water temperature (20. ROC), an increasinq proportion
of developing females were no;ed. This pattern of increasing
female maturity continued in February 1982 which had increasing
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water temperatures averaging 239C. This increase in female
maturitv_in Januarv.is'carroborated_by Eldred et al. (1961l) in
their data, and Munro et al. (1968) further state that maturing
shrimp spawn when thevy reach a suitable size irréspective,Of water
- temperature at the Tortugas site. _Therefore,'evén with spawning
occurring Year-rQUnd'in the study area, there are peaks of |
increased spawniﬁq'activitv. January represents the-start of the
'spring peak and the low water'temperaturES recorded thén_represent-
only specific points in time. Water temperatures over the entire
"month probabhly were'increasinq, léadinq'to the higher Fehruary '
readings. It should be_noted, however, that the advanced maturity
stages occurred throughout the study site in January and February
with no particular depth predominating. | | _

Munro ét al. (19A8) also reported that their spawninag data
appeared to correlate with moon phaSe, with highest activity
occurring during the last half (wanina) of the lunar month. With
the exception of Cruise 1Ay (December), all of the data were
collected during the last half or peak lunar period. Therefore,
December's results may have been altered had the data been
collected during the same part of the lunar month as the other
cruises. | |
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SUMMARY

- Twenty-three stations 1ocated;inside'and-outside the Tortugas

Shrimp'sanctuary were sampled once a month from September 19R1
to February 1982 by NMFS personnel on'board.the'MV MISS

VIRGINIA, a Florida-based shrimp trawler. Hydroaraphic data

and shrimp samples were collected at each station in'crdér to
characterize the_mafine eﬁvirdnment and to better define the
distributidn and size freduenciés of pink shrimp in and around
the sanctuary. ' '

Four nets were towed simultaneously and analysis of variance
indicated there was no statistical difference hetween the
weight of the shrimp catch in each net. As a result, the data
were combined and mean values were used for further analysis.
Two-way anova did reveal highly siqnificant_differenées in the
mean shrimp lenaths between'cruises, between stations, and in
the interaction between cruises and stations. One-way anova of
each cruise also indicated a hiaghly significant difference in
the mean shrimp lengths between stations of each cruise,. '
Student-Neuman-Keuls step-wise multiple rahqe test separated..
the station means into similar aroups for analvsis of size
distribution. '

The major objective of this study was to define'the distribu-
tion of small pink shrimp in the TMortugas fisherv so that the
sanctuary boundaries mav be modified, if needed, to better pro-

~tect the small shrimp and allow them to mature to a'marketablé
size. The results of the Student-Neuman-Keuls tests for the

first six months of the study reveal a complex and variable.
shrimp distribution in the area. Similar distributions with
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shrimp size increasina from east to west in the studv area were
noted dufing September and October, November date,'however,
show small shrimp ({103 mm) at the eastern stations and large
shrimp at the middle stations. In'Deeember,'larqer shrimp
(» 106 mm) were dominant at all stations. January and February
shdﬁ a reversal in the earlier size trends with 1arge; shrimp

- now occUrrinq at the eastern (shallow) stations and smaller

shrimp at the_western (deep) end. In each month, shrimp with
mean 1ehqth5'abeve and below 103 mm, the Florida lecal limit,
could be found inside as well as outside the sanctuarv. Shrimp

abundance (small and large shrimp) was hiqhest-inside the sanc-

tuary w1th small shrimp comprising 50% or more of the popula-
tion in every month except December. Larqe_shr1mp_dem1nate the
population outside the sanctuary except in Januafy and
February. It appears;'therefere, that the'sanCtuarv does pro-
tect the greater portion of the small shrimp pepulat1en, but
the sanctuary boundaries do not represent a clear-cut demar-
cation between large and small shrlmp. Rased on this ev1dence,
the sanetuar? does not proteet the entire'"nurserv“ area at all
times, and it also includes areas with large shrimp ihside-the.
houndaries. ' ' '

Catch per unit effort (CPUE) is defined in this study as the

weight of shrimp caught in one 40 ft net during a 20 minute

~ tow. Student-Neuman-Keuls tests en'the'eheva for each cruise

indicate a eomplex d1str1bution of shrimp densitv across the
study area. In general, the data from all six cruises |
displayed the same trends. Highest CPUEs occurred at stations
inside the sanctuary and a'qeneral'inverse'relationShip existed

'between CPUE and mean length. The highest CPUFEs (as high as

50-55 1bs) usually were found at Stations F10, Fl3, Fl4, and
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F17, whereas the lowest CPUFS (0.2-1.0 1lbs) usually occurred at
Station F2 inside the line and at various other stations out-
side the line. '

5. 'The commercial tows taken by the captain'of the MV MISS

VIRGINIA generally clustered in the areas near Stations F10,
Fl3,'F14, and F17. The mean size of_Shrimp.from the coﬁmercial
tows were generally equivalent to the mean size:bf.samples'
taken at the nearest station. Commercial CPUF, however,'was
usually less than the sample CPUE taken at the nearest station.
Although the commercially cauqht shrimp were mostly larger than
103 mm, 16 of the 70 commercial tows from.all'six_cruises con-
tained shrimp whose mean lengths were less than 102 mm. These

‘shrimp were not discarded, but were retained with the rest of

the catch.

"Salinity and temperature were measured at the surface and near

bottom of each station for each cruise. Salinity did not vary
bevond 24 o/o00-36 o0/00, except on a few occassions when it did
reach as high as 38 o/0o and as low as 33 o/oo. This last
value is thought to be an incorrect reading and should be
disregarded. 'Temperature was also essentially uniform between
surface and hettem at all stations eh-anv one cruise, but it
did 'vary between cruises. Temperature usually never fluctuated
more.than 1.79C during a cruise, except fer'sentembef when
there was a 3°C flUctuation.'”Water'temperature was highest in
September (280C average) and lowest in January (20.50C

average). These parameters indicate that the study area has a

nearly uniform environment with regard to temperature and
salinity; and changes occur mostly according to seasonal
effects or occassional short-term effects (e.q. cold-fronts).
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Macroscopic examination of shrimp ovaries revealed a pattern of
reprbduction in agreement with previous studies (e.a., Eldred

et al., 1961 ; Mun:o_et al;,-lﬁﬁn)é thSWarmest months of-the-

study (September and October) had the highest'percentages of

' females with advanced ovarian development. Lower percentages

occurred vhen'water temperature dropped below 25°C, However,

~January showed an increase in ovarian development over December

even though water temperature was lowest in January (20.5°C).

February continued the trend of increasing development and

‘increasing water temperature. This corresponds to the
“beqginning of the spring peak in the spawning cycle (Fldred et

al., 1961).
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APPENDIX

The following data-cdnSist of numbers of shrimp caught at
Stations F1-F24 and were used to calculate Tables 11, 12, and 13.
The number of shrimp at each station was calculated by determining
the weight of shrimp caught in all four'netsfand then multiplying
‘by the number of shrimp per pound for that sample. A 3 lb.hcount
was determined for each station. TIf a station did not have data
from four nets, then the weight that would have been obhtained had
: all four nets been used was calculated. The percentage of shrimp
in each sample that was €103 mm and 103 mm was determined from the
combined length/frequency histoqrams.determinéd from measurements
- of shrimp in the inboard ﬁets, The numbers of shrimp for stations
F3-F20 in the upper half of the table were summed and the total
given at the bottom of the column for'Inside_Sanctuarv._ This pro-
cedure was then repreated for stations F5-F24 in the lower half of
the table and the total was given for the Outsidé*Sanctuarv value.
Stations F1 and F2 vere deleted for reasons explained in the text.
The values in brackets for F21 and F22 of Cruise IV were calculated
as an averaqe from all the autside sanctuary_statlons for December

since those data were not taken,
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Cruise T, September 1081
Number of Shrimp/Station

| 2

Station €103 o | 2103 _ | - Motals
3 21.79 . 30,96 61,75
4 3A25,01 1R854 .09 S2R0.00

7 1776 .08 R27,02 2604 .00
10 10316.67 1187.33 11504 .00
11 746,27 567,73 1314.00
13 2908 .71 1767.29 4676 .00
14 8235.42 152658 762 .00
15 1612.72 1391.68 300400
17 861.13 3150.87 4012.00
18 1232.11 1697 .89  2030.00
20 622,75 1200.25 1824 .00

5 887.18 558 .82 1446 .00

6 1523 ,49 208 .5) ©2332.00

8 900,07 331,03 1232,00

148 .43 265.57 414,00

12 539,34 636,66 1176.00

16 11373.44 ~ 1106.54 ~ 2480.00

19 599,61 ©1114.39 1714.00

21 538.06 4757,94 5206,00
22 90.18 585 .82 676.00

23 59.73 284,27 344,00
24 249,35 1346.65 1596.00

Inside © 31761.07 15210 AR 46971.75%

Outside 690%,90 11707,10 18706.00

Total 38669.97 27007.78

. 65677.75



Station

3
|
.

10
11
13
14
15
17
18
20

12
16
19
21
22
23
24
Ingide

- Qutside

Total

Cruise II,_Octbber 1081
Number of'Shrimp/Station

€107

248,00

374.61
11244,10
1955 ,14

982,91

2842 .64
A04 .30
326 .43

403,37

870 .88

208 .46
167,14

325.94
72.90
$259.95

100.09

1841 .59

154 .65
180 .95
379,70
114,33

§3.60

10061 .83

3661 . RA

13723.67

21073
150.00
225,30
734 .57
1388 .64
528 .09
2377 .86
©330.40

560.57

1416 .63
1739 .46
703 .54

118,92

141 .66
11,60
351,05
73.01

1648110.

1399,61
- 1468.87

307.01

1255 .87

266.40

10145 .15
7042 .08

17187.22

82

Totals
398,00
590,91
1978 .67
3343,78
1512.00
5220 ,50
934,79
_'h77.00

- 1820.00

2610.33
912.00
286 .06
467 .60
84 .50
A11.00
174,00
3489 A8
1554 .26

1649 .82

. 686.80
1370.20

330,00

20206 .98

--10703.92
30910.90




~Cruise TII, November 1981
Number of Shrimp/Station

Station €103 Totals
3 2263.09 1430.60 - 3693,69

A 4729.62 12900 . 38 ~ 7630.00
7 1263.13 2234,19 3497 .32
10 4543,11 3889,76 RA32 .87

11 1 1392.89 2347.37 3740.26
13 ~2293.85 2031,47 4325,33
14 1581 .09 2533,20 4114, 38
15 757.12 1161.88 11919.00
17 1164.81 1334,86 2499 .67
18  £90.38 © 1133.52 1823.90
20 729,25 855,75  1585,00
5 176908 1731,70  3500.78

6 476 .09 311,91 788,00

8 289,48 579,52 R69.00
9 15,81 77 .40 93,00
12 283,91 978.65 1262.56
16 140.65  679.01 ~ 819.66
19 769,87 1378.50 214837
21 1039.07 957 .63 1996.70

22 13,98  409.82  423.80
23 © 1259.51 664,54 192405
24 . __1270.52 _ 1354.63 _ 2625.1%
Inside 21408.35  21853.07 = 43261.42
Outside ~ 7327.66 9123.41 16451.08
o . 59712.50

~ motal 28736.01 30976 .48



Cruise 1V, December 1981
Number of Shrimp/Station

Station --(103' B f-_')103 - Totals

3 ' 792,32 2864.68 ~ 3657,00
A 520,68 815.82 1345 ,50
7 246 .55 - 1101.05 1638 .50
10 1727 .84 219,16 4547 .00
11 740 .66 2404 .67 3145 .33
13 461.29 1044 .00 3505 .28
14 807.20 1709.80 2517.00
15 989 .74 1821 .R0 2811.63
17 1082.56 3%83,10 ARGS . RR
18 156,06 1378 ,44 1734 .50
20 1133.10 1827.40 2960 .50
5 600 .48 2006 .52 | 2607.00
6 341,18 1409 ,82 1751.00
8 102%.72 2272 .58 3208,30
9 73,79 417 .39 491,18
12 RE .65 456,35 543,00
16 39,31 10R2,.69 1122.00
19 150.69 609,72 760.42
22 _ . B | o
23 393,22 821,00 121521
24 __187.96  _ 302.46 __ 450,42
Inside _ 9067.00  2346€0.90  32%27.6n0
Outside  3494,33  11463.R7 14088 ,20

Total __12561,33  34924.77  47486.10
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‘Station

3
4
_7.
10
11
13
14
15
17
18
20

16
19
21
22
23
24

Inside
Qutside

Total

Cruise vV, January 1932
‘Number of Shrimp/Station

€103

402,92
854.05
- 3099.69
3736 .68

3670 .93

-44761qq
.3169.21

3220.21
4991 .95

6963, 3A
4132.90

4712.63
582,00

1778.62

223,44

546,34

452,135
'1285,69
4041 .54

©3972.04

 3746.85
~38817.51
22349.,484
61166.95

103
%584 58

1077 .35

3876 .97

‘37R9 .66

3369.07

2887.19

.1:99'12-: 
22%&.38 .

2200.79

| '1732.26

an7.10

©1761.11

. ®R5.18

A5

849,30
628,28

398,21
284 .86

R60,.62

1277.79
1985 A8
1183.40

732.91

~ 24058.47
~10547.45
ﬁ :3460%f91.H

Totals

1077_%9

.1931.40
£O76 .67

7496 ,35

7040.00

7033.78

"SA60.00

dRZB.qg'

7246.32
R745.63

5040.00
6473.74

1 1431.30

240,90
£21.65
831.20

1037.53

2146 .33

 §319.33

957,72
4930.33

1740 .85

62875 08
32896 ,R9

05772 .87



~Station

10
11
13
14

15
18
20

22

nq

24
Inside

Outside

Total

Cruise VI, February 1982
Number of Shrimp/Station

{103

2780.,93

1214 .,1A4

2333,11
12792,80

251.77

1534 .42
1113.67
1055.59
1919.43

805 .57
1561 .88

- 100% .82

230.24
264 .58

232,00
. 267.38
A3%,18
478,77
 600.52
1971.27

823,12
17363.32
6641,09
2400441

1167.57

3102

2178 .75

- 937,14
2379.95
2085 .35
378 .16
1206.78

1200,33
969,18

690 .43
562,02
1274 .76

329.46

421 .38
159, 24
310,71
672.1F
250 AR

116.82

 ' 474 ,QR
-~ 656,48

437,78

14182 .59

'HG

__19487.05

Totals

4959 €9

2151.29

AR7R .16
26 .93

- 2041.20

2513.00

2024 .77

1087.00

1496 .00

2154 .82

2280 .59

65l .67

651 .A2

£23.82

- K42 .71

9309 KK
685 8%

598,60
. 1075.50

2627.74

_1260.90

 31545.0n0

11045.56
43491,46
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the 1981 modified-sanctuary_boundaries....;....;

Map'offthe I11ortUdasﬂhrimp"SanctUarv showing

the location of 24 stations designated for

monthlv Sampllnqllll'-I‘"i-!Ill‘illilllll'llllll‘l-

Two-way plot of shrimp mean lengths for 23

stations and six cruises. Each rectanale

represents the relative'mean7length'of pink
shrimp at a Station; Station F1 has been .

d&letediiiI‘IIII'.'II‘I‘..'-I'l'l"l‘.ﬁiii---lllllllllllll'l'l

Sample stations grouped bv'the“Student—Neuman- |

Keuls test according to the mean lengths of.
pink shrimp occurring at each site of Cruise I

(Geptember71991) ~ Stations Fl, P3, and F20 have |

been deleted....................................

Sample stations“grouped b#-theQStudentéN9uman+_

'Keuls test according to the mean lengths of pink

shrimp.occufrinq at each site df:Cruise IT

”(Octoher_lﬁﬂl).-'Station F1 has béen_deleted...._

Sample'stationS"qrouped by-the'étudent-ﬂeuman-

_Keuls test according to the mean lenqths of p1nk

shrimp occurring at each site of Cruise IIT
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Figure 8.
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Figqure 11,

'_Figure'lz.

Sample stations grouped by the Student-Neumanf'

'Keuls test accordinag to the mean lenqgths of pink

shrimp occurring at each site of Cruise IV |
(December 1931).- Qtations Fl, F21, and F22 have

been 'de]--EtealII.lll.lliiillIil.ll.lll'l'l.lll!lI‘I.I-I

Sample stations drouped by the Student-Neuman-
Keuls test'according.to the mean lengths of pink

shrimp'occurrinq at each site of,Cruise \{4

(January 1982), Station F1 has been deleted....

Sample stations grouped by the student-Neuman-

 Keuls test according to the mean lengths of

pink shrimp_occurriﬁq at each site of-CrUiSe_ﬂI
(February 1982), Station 1 has been deleted...

Sample stations grouped*by-the_Studént-Neumah--
" Keuls test according to mean shrimp weights
occurring at each site of CrﬁisE~I (September_

_-1981); Stations Fl, F3,_F20'havefbeEH'deletedf

Sample Staticns.groupéd_b? the StudEnteNeumah—_

'Keuls test according to mean shrimp weights
occurrina at each site of Cruise II (October

1981), 'Station'Flrhas'been deletéd.....x....-.a

Sample stations qrohped-by thé,Studentheuman—

Keuls test according to méan-shrimp'ﬁeiqhts

occurrinq at each site of Cruise I1T1 (November
1981). Station Fl has been deleted............
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Sample stations grouped by the Student-Neuman-

Keuls test according to'meaﬁ-shrimp_wei@hts

occurring at each site-¢f3Cruise'IV'(December

'1981). Stations Fl, ¥21, F22 have been deleted.

Sample statians%groﬁped by the Student-Neuman-
Reuls test according to mean shrimp weights

occurrina at each site of Cruise VvV (January

1982). Station F1 has been deleted......coocss

Sample stations grouped bv the Student-Neuman-
'Keuls test according to mean shrimp weights

occurring at each site of Cruise VI (February

1982). Station Fl has been deleted....eccveese

LLocations of primary trawling Sites'of the
commercial tows made during all six cruises

' in relation to the sampling stations...........

Salinity and temperature measurements at the
surface and near bottom at each station

~ (excluding F1) of all cruises. See text for

18.

an explanation of anomalous readings at F23
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Graphs of-pink:shrimpfovarian development
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from Cruise I and F21 and F22 from Cruise IV,....
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Results of a Student-Néuman-Keuls range test on
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Table 12.

‘Table 12.
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Table 15.

The monthly relative abundahcé of pink shrimp
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'stations outside the sanctuary, as well as all
stations combined. Stations F1 and F2 have been
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square root transformation was used on the
weights data. Stations Fl, F3,'F20 have been
deleted.' LLetters below'nonsignificant-réndes
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Table 20,

Tabhle 21.
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Results of a Student-Neuman-Keuls range test
on shrimp weights at 23 stations of Cruise V.
A square root transformation was used on the
weiaghts data. Station Fl has B&enfdeleted.'
Letters below nonsignificant ranges used refer

to station groups shown on topographic maps.....
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nets of all staitons inside and outside the

sanctuary and all stations combined by month.
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September have data from only one net and
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SUmmarv'of.sample CPUE inside-and'outside the
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Station number and coordinates, CPUFE, shrimp
mean length, percentage of shrimp 2103 mm total
-1ength, and count size for all commercial tows

B of all Cruises. Data for Gtation 107 of Cruise
_VI taken from only three nets...................
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